Between 5% and 10 % of patients with acute pancreatitis will develop infected pancreatic necrosis. Traditional open surgery for this condition carries a mortality rate of up to 50 %, and therefore a number of less invasive techniques have been developed, including radiological drainage and a minimal access retroperitoneal approach. No randomised controlled trials have been published which compare these techniques. Indications for minimal access surgery are the same as for open surgery, i.e. infected pancreatic necrosis or failure to improve with extensive sterile necrosis. Access is obtained to the pancreatic necrosis via the left loin and necrosectomy performed using an operating nephroscope, and this often requires several procedures to remove all necrotic tissue. The cavity is continuously irrigated on the ward in between procedures. The results of this approach are encouraging, with less systemic upset to the patient, a lower incidence of post-operative organ failure when compared with open surgery, and a reduced requirement for ITU support. There is also a trend towards a lower mortality rate, although this does not reach statistical significance on the data published so far. Current evidence suggests that a minimal access approach to pancreatic necrosis is feasible, well tolerated and beneficial for the patient when compared with open surgery.
INTRODUCTION
Acute pancreatitis is a common condition with an increasing incidence (1). Approximately 20 % of patients will develop severe disease (2) of which one third will develop infected pancreatic necrosis (3). In the main sterile necrosis can be treated conservatively (3, 4) . In contrast, without surgery the mortality for infected pancreatic necrosis approaches 100 % (5).
Unlike the indications for surgery the ideal intervention is not universally accepted. Large series report mortality associated with open surgery for infected pancreatic necrosis between 15-50%(6-9), although unusually low mortalities (6-12 %) have been reported in selected series (10) (11) (12) .
The aim of any intervention for infected pancreatic necrosis should be to remove all necrotic tissue while providing adequate drainage with minimal morbidity. The development of necrosis is often an evolving process and these aims often cannot be achieved with a single intervention.
The determination of outcome following intervention will be a result of interaction between patient (age, severity of illness, timing of intervention, type of infection) (12) (13) (14) and surgical factors (6). Several techniques of necrosectomy have been described including trans-and retroperitoneal approaches with primary closure or repeat laparotomies either on demand or scheduled with or without the aid of laparostomies (6). Post-operatively a number of regimens exist including simple drainage, repeat debridement, or continuous lavage (6). There are however no randomised controlled trials comparing surgical technique and the lack of standardisation of reporting of prognostic factors in individual series makes inter-study comparisons difficult.
One of the major causes of mortality following surgical intervention is an escalation in organ failure (9). In an effort to minimise the deleterious effect of a laparotomy some radiologists have proposed percutaneous drainage (with at least 24 Fr drains) of the infected necrosis with limited results (15) (16) (17) . The major problem associated with this is that pancreatic necrosis, as opposed to simple abscesses, consists of mostly solid tissue which will not drain through standard radiologically placed drains (18) . It has been shown that survival following the development of infected pancreatic necrosis is absolutely dependent on the achievement of a complete necrosectomy (7) and hence, if a minimal access approach is to be used, some way of surgically debriding the necrosis is required. In 1998 in a technique meeting these criteria were first described by Gambiez et al (19) and subsequently by Carter et al (20) with encouraging results.
The aim of this article is to discuss the indications, method, results and problems associated with minimal access pancreatic necrosectomy. A) Under CE-CT control a guidewire is placed into the pancreatic necrosis via a retroperitoneal approach through the window between the upper pole of the left kidney and the lower pole of the spleen. B) The patient is transferred to the operating suite and under fluoroscopic control a 30 Fr tract is created using a set of Amplatz renal dilators. C) Following introduction of the operating nephroscope and removal of necrosis and irrigation system is created using a 28 Fr chest drain sutured to a 10 Fr nasogastric tube and placed along the newly created tract and secured to the skin. 0.9 % saline is then irrigated at 50-250 mls/hour. D) The procedure is repeated on a weekly basis until the necrosis is cleared and the cavity has collapsed around the drain.
INDICATIONS
The indications for minimal access pancreatic necrosectomy (MAPN) are the same as those for open intervention as recommended by the International Association of Pancreatology guidelines for the surgical management of acute pancreatitis (21) . The presence of infected pancreatic necrosis as demonstrated by retroperitoneal gas on contrast enhanced computed tomography (CE-CT) or a positive culture from a fine needle aspiration of the pancreatic necrosis is an absolute indication for intervention. A relative indication for intervention is the persistence of symptoms despite maximal conservative therapy for a period of at least 3 weeks; for example, persistent or escalation of organ failure despite negative fine needle aspiration of the pancreatic necrosis or failure to achieve discharge from hospital due to symptoms of pain, failure to maintain nutrition or a persistent systemic inflammatory response syndrome.
In planning a minimal access approach a number of technical considerations also need to be assessed in deciding suitability for a MAPN. Both a high quality CE-CT and interventional radiologist is required to do this.
Ideally the area of necrosis is approached from a retroperitoneal access route (22) . Most commonly this is through a window between the upper pole of the left kidney and lower pole of the spleen. This window can however become obliterated by the presence of splenic vein thrombosis and subsequent splenomegaly. In this situation a left sided approach may still be possible but it may be transperitoneal, which although less desirable, is feasible, if the colon, small bowel, viable pancreas and varices can be avoided. It is important to assess the extent and pattern of necrosis. Although in the authors' initial experience (22) paracolic extension of necrosis was a contraindication to a minimal access approach this is no longer the case. Instead multiple access routes are established with the aim of accessing all areas of necrosis. In planning the placement of an access route it is important to consider the line of the approach. The instruments which are used are rigid and therefore the It is considerably more difficult to establish a tract via a transperitoneal approach. A successful outcome is dependent on the distance between the necrosis and the anterior wall being relatively short and straight. D) Complete resolution of the necrosis with drain in situ after just 2 minimal access necrosectomies.
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approach which gives the widest field of view to the necrosis is in the longitudinal axis of the necrosis.
Importantly access cannot be established via perfused pancreas and so isolated head necrosis is a difficult proposition to approach by MAPN. The authors' experience would suggest that this can only be attempted if the distance between the anterior abdominal wall and the area of necrosis is small and without overlying viscera.
Any concern over the possibility of co-existing intraperitoneal pathology, particularly ischaemic colon, is a contraindication to a minimal access approach. This diagnosis is difficult (23) to confirm but clues may include sudden deterioration of the patient's parameters, oedematous or distended colon on CE-CT or profuse diarrhoea. Any suspicion of this should mandate colonoscopy to further assess the viability of the colon.
METHOD
Having decided on a minimal access approach the patient is transferred to the radiology department and under CE-CT guidance access to the necrotic cavity is obtained via the predetermined approach. Under local anaesthetic (in the absence of mechanical ventilation) an Accustick set (Boston scientific) is used to access the area of necrosis. This is subsequently exchanged (with the use of a guidewire) for a percutaneous drainage catheter. The patient is trans- ferred to the operating suite. Depending on the patients condition the following procedure can be performed under either general anaesthetic or local anaesthetic infiltration with IV sedation (anaesthetist controlled). The patient is placed supine and a sandbag can be used under the site of catheter entry to improve access to the tract with the operating nephroscope. The entry site is prepared in a sterile fashion using a waterproof drape with a catch all as used for urological procedures (3M healthcare, Loughbourgh, UK) as large amounts of irrigation are required. Under fluoroscopic control the previously placed percutaneous catheter is exchanged for a guidewire (Ref Number THSFNB-38-145, Cook). Using a Seldinger technique the tract can then be dilated to 30 French using a renal dilatation set (Boston Scientific). It is important to reinforce the guidewire with the supplied plastic tapered sheath to prevent buckling and misplacement of the wire. A 3-dimensional concept of the surrounding structures as shown by the CE-CT is crucial to avoid inadvertent injury to surrounding vessels and viscera. There should be very little resistance to dilatation and any resistance encountered should lead to re-evaluation to the line of dilatation. The exception to this is during introduction of the dilators through the skin, subcutaneous tissues and rib space and if this creates a problem increasing the size of the wound and dissecting down to the entry site may aid insertion. With the tract dilated an Amplatz sheath (Ref ARI260016, Cook) is placed over the dilator and a rigid operating nephroscope (Wolf) can be introduced into the cavity. The scope requires both an irrigation and biopsy channel. With continuous irrigation (warm sterile 0.9 % saline, 10-20 litres) under direct vision the necrosis can be removed piecemeal. It is vitally important that granulating tissue, visible vessels (aorta, superior mesenteric artery, splenic artery) or adherent tissue is not biopsied as it may result in catastrophic bleeding. Often at the first procedure minimal necrosis can be removed and it is prudent to be conservative with this attempt. The procedure should be repeated on a weekly basis until the cavity appears clear and all visible necrosis is removed. At the end of each procedure an irrigating system is constructed using a 28 French chest drain with extra side holes (cut to shape) sutured to a 10 French nasogastric tube. This is passed along the established tract until resistance is met and then secured with a suture to the skin. Post-operatively this can be irrigated with 0.9 % saline via the nasogastric tube at a rate of 50-250 mls/hour depending on the degree of contamination.
Depending on the patients systemic state they can often return to the ward where a fluid balance of the irrigating system should be maintained. A positive irrigating balance or deterioration in the patient's condition often signifies a blockage to the outflow secondary to obstruction by necrosis. In this situation the irrigating system can be changed on the ward using nitrous oxide as analgesia or the patient returned to theatre and further debridement performed. These subsequent procedures where an established tract exists can often be performed with minimal analgesia. If, however, the intercostal rib space is small the patient may experience significant discomfort and prefer a general anaesthetic. If further debridement fails to improve the patient's condition a CE-CT scan should be performed to look for undrained areas of necrosis and if detected these should be assessed for appropriate intervention by either a further minimal access approach or targeted open surgery.
The biopsy forceps are relatively small and therefore in the presence of extensive well demarcated necrosis (often present by second attempt) it is useful to dissect around the edge of the cavity to create a large free floating area of pancreatic necrosis which can then be coaxed along the tract with the help of back pressure form the irrigating saline and expelled from the granulating cavity.
Once the cavity appears clear and there is resolution of the systemic inflammatory response (resolution of organ failure, no pyrexia, normal inflammatory markers (C-reactive protein and white cell count)) a tubogram should be performed through the irrigating system to ensure the cavity has collapsed around the drains. If this has not occurred or extensive necrosis persists then irrigation should continue, otherwise it can be reduced with a view to discharging the patient home with a drain in situ which can gradually be shortened in the outpatient setting.
One of the most important aspects for patients with this illness is the establishment of reliable nutrition. Enteral nutrition is the preferred method (24) (25) (26) , however the authors' experience with naso-jejunal tubes has been less than satisfactory, with high rates of displacement and long delays to establish feeding. Recently the preferred method has been the placement of a percutaneous endoscopically assisted gastrosotomy with a jejunal extension at the time of the first percutaneous necrosectomy. These offer greater patient comfort and the risk of displacement is considerably lower than with a nasal based tube.
OUTCOME
Not surprisingly very little published literature and certainly no randomised data exist regarding the outcome following minimally invasive pancreatic necrosectomy with all series limited to less than 50 patients (19, 20, 27) .
Between 1997 and 2003 the authors have performed 88 necrosectomies, 47 of which were with minimal access intent. Twenty three of these have been performed under local anaesthetic or sedation. Since 1998 it has been the preferred method of treatment for those patients requiring necrosectomy. The demographics and pre-operative prognostic factors are shown in Table 1 . Those undergoing a minimally invasive approach had a reduced need for post operative intensive care and less of a systemic inflammatory response as reflected in a lower post operative APACHE II score (acute physiological and chronic health evaluation score) compared to those undergoing open necrosectomy (Table 2) . Overall APACHE II: acute physiological and chronic health evaluation score there was a trend towards a reduction in the mortality rate with the minimally invasive approach although this did not reach statistical significance (Table 2).
COMPLICATIONS
Not surprisingly, almost all of these patients develop complications (27) , mostly related to the disease process itself. The pattern or rate of complications is not higher than that experienced by those undergoing open necrosectomy (27) . Bleeding following a minimal access approach requires further consideration. This can be divided into primary and secondary haemorrhage. Primary haemorrhage occurs during the procedure. It results either from an avulsion injury to a vessel, usually during dilation of the tract, or from injudicious biopsy of healthy tissue. The latter should be avoidable, while it may be possible to reduce the risk of avulsion type injuries using balloon dilation; however this is yet to be proven. Ei-ther way, it is not usually possible to control the haemorrhage via the access tract, and the patient should be transferred to the radiology suit for interventional angiography and embolisation of the bleeding vessel. Secondary haemorrhage poses more of a problem and is associated with a very high mortality. It occurs at some point after the necrosectomy and results in torrential haemorrhage into the drains. It is usually due to the erosive nature of the necrosis breaching a major vessel such as the portal vein or a branch of the coeliac axis. This usually requires immediate laparotomy to try and control the bleeding. An open procedure once a minimal access approach has been undertaken was required in 12 of 47 patients (Fig. 4) . The commonest reason particularly in the early period was a technical failure such as loss of the access tract during dilatation (n =5). Only one patient has had to be converted for bleeding. Three patients have been converted for intraperitoneal pathology, 2 for failure to clear the necrosis and 3 for distant collections. In two of these patients the diagnosis of colonic ischemia was delayed and both patients subsequently died, the importance of continued vigilance for this catastrophic complication cannot be underestimated (23) .
DISCUSSION
Infected pancreatic necrosis continues to carry a high mortality and significant morbidity. Although the indications for intervention have now been clarified (21) , the optimal intervention has yet to be defined. This is hampered by the lack of standardised reporting and well designed trials (6). Multi-centre trials will be required to overcome this as it is unlikely that any one unit will be able to provide enough patients. Until then clinicians will still be required to manage these patients according to the best available evidence.
The evidence presented from the current cohort of patient demonstrates that a minimal access approach can offer significant benefits to the patient in terms of a reduction in systemic insult associated with in- tervention, which in turn translates into a reduction in mortality. Critics of the minimal access approach would argue that these two groups of patients are not randomised and those undergoing open necrosectomy represent a subgroup of patients with a worse prognosis. However there is no evidence from the pre-operative severity markers that this is true. In future it would however be important to reassess the two groups in terms of percentage of head necrosis as this has recently been shown to be an important predictor of outcome (28) .
Although this question can only truly be answered in the form of randomised trials it may be that these two techniques should not be viewed as mutually exclusive techniques. Conversions to an open necrosectomy following a minimal access approach have occurred as has the reverse (22) . It has been estimated that up to 75 % of patients would be suitable for a minimal access approach and therefore it is likely that a dynamic approach to the management of this condition will be required.
The minimal access approach is still in its infancy and there is no doubt that one of the limitations is the instrumentation. Ideally larger biopsy forceps or the development of a macerator (analogous to the ultrasonic aspirators used for hepatic resection) that could be used safely in close relation to major vessels and viscera are required, while a flexible scope would greatly improve access to complex cavities. Visually, Fig. 4 would suggest a relatively short learning curve, however to show this statistically will require larger numbers.
Equally as important as the nature of the intervention is its timing. Operating on patients with end stage organ failure is unlikely to be beneficial. The natural history of untreated infected pancreatic necrosis is escalating organ failure. Ideally, therefore, intervention should occur as soon as infected necrosis develops, yet clinically this is difficult to detect. For that reason it is the authors' policy to pursue an aggressive use of fine needle aspiration of the pancreas from the start of the second week to detect infected necrosis and attempt to intervene prior to the escalation in organ failure.
Other minimal access techniques including laparoscopic (29) and endoscopic approaches have been described (30) . These are limited to small case series and further work will be required before their role can be identified. It seems counter intuitive, however, that washing necrotic material into the peritoneum will result in a reduction in the systemic insult to the patient.
In conclusion, the ideal algorithm for intervention in infected pancreatic necrosis is yet to be defined. It will require large well designed multi-centre randomised trials. On the available evidence there is no doubt that a minimal access approach has a major role to play in reducing both systemic insult and the subsequent mortality. Currently the majority of patients are suitable for a minimal access approach and with the development of better instruments and increasing experience this number is likely to increase, although it is unlikely to completely replace open necrosectomy.
